progress in understanding the mechanism by which acrigidity through forces generated by rearward F-actin tin assembly can power cell edge extension. Recent transport. Cells respond to matrix rigidity by moving reviews have summarized some of the current models toward more rigid matrices using an unknown mecha- 
To standardize and probe the molecular mechanism local cytoskeletal signal transport hypothesis. In that of the periodic interruptions we focused on isotropic hypothesis, the signal is generated locally by forces spreading MEFs. During isotropic spreading we found applied to a stiff ECM at the tips of lamellipodia and is 3 phases of spreading based on, (1) the dynamics of the transported by the actin cytoskeleton to the back of leading edge (Figures 1A and Figure 4D, middle right) podial width of the MEFs used in our study ( Figure 6C ). These waves were probably actin structures, since the compared to untreated cells (2020 Ϯ 1000 m 2 , n ϭ 27 filament waves generated by periodic contractions. The generation of ␣-actinin/MLCK rearward moving waves was distinct from the generation of immobile row patterning of integrin/paxillin, supporting the specificity of these observations. Furthermore, no such waves were observed with GFP expressing cells ( Figure 3E ). contractions and the initiation of the contractile signal movement at the cell edge. cells) (Figures 6B and 6D) . Conversely, RacV12 induced an increase in the period (29 Ϯ 8 s, n ϭ 109 events, 13 cells) (Figures 6B and 6D) . Furthermore, decreased and Discussion increased periods were correlated respectively with a narrower and wider lamellipodial width, as measured
Generation of Periodic Contractions Is Not
The periodic interruptions in the edge extension during spreading and migration are linked to an increased conusing ␣-actinin-EGFP (Figures 6A and 6C ). An alternative hypothesis is that enzymes without filopodia in spreading and migrating cells leads at the proximal edge of the lamellipodium activate the us to propose that signal transduction by cytoskeletal release. The same hypotheses can explain the finding transport may be a more general mechanism. Soluble that FN-coated beads bind preferentially at the leading second messengers or signaling enzymes are mostly edge, move rearward with the actin cytoskeleton to the diffusive and cause modification of downstream targets proximal boundary of lamellipodia, and often release in all directions. In contrast, signals that are transported from the membrane at that point (Nishizaka et al., 2000) .
on the cytoskeleton move in a directed fashion and Thus, there is prior evidence of protein transport by can provide a simple mechanism for a positional signal binding at the leading edge, movement with the actin leading to local protrusion and contraction. Thus, cellufilaments and release at the proximal boundary of the lalar contacts with even small regions of a given matrix mellipodia.
can produce directed movements and responses using myosin and other components that are widely dispersed Is MLCK the Signal? throughout the cell. This could be an important general In such a complicated process, it is unlikely that MLCK mechanism to convert the rigidity of specific matrices transport alone controls the period of contractions.
into signals for tissue differentiation and morphology deHowever, the function, location, and dynamics of MLCK are those expected for a protein that would control contermination.
